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Vacuum device 
Background 

The present invention relates to a vacuum device, particularly a vacuum 
device comprising a plurality of cryopumps for refrigeration. 

Vacuum devices of the type discussed here comprise a plurality of cryo- 
pumps arranged e.g. in parallel to each other. The cryopumps are con- 
nected, via medium supply conduits, to a compressor device. When cryo- 
pumps are employed for refrigeration, the medium normally used will be 
helium. The helium is compressed by means of a compressor and is ex- 
panded internally of the cryopumps, thus generating refrigeration. Further, 
the cryopumps have medium return conduits connected thereto for return- 
ing the medium to the compressor. If required, intermediary cleansing units 
are provided to cleanse the medium of e.g. oil or other impurities which 
have been taken up by the medium during its passage through the com- 
pressor. 

During operation, for obtaining the best possible refrigeration capacity at an 
individual cryopump or all of the cryopumps, the pressure difference at the 
individual cryopumps should be as large as possible. In this regard, a prob- 
lem resides in that an increase of the number of active refrigerating pumps 
in the refrigeration device will cause the pressure difference to become cor- 
respondingly smaller. This will result in a decrease of the pressure differ- 
ence. Also, cold cryopumps tend to "bind" a considerable quantity of gas. 
This in turn will cause a further decrease of the pressure difference. 

For keeping the pressure difference at cryopumps during operation as con- 
stant as possible, it is known according to US-6,530,237 to provide a stor- 
age container for a refrigerating medium, e.g. helium. The storage container 
is connected to the medium supply conduits and the medium return con- 



duits via connection conduits. Both in the high-pressure conduit, i.e. the 
medium supply conduit, and in the low-pressure conduit, i.e. the medium 
return conduit, a pressure measurement device is provided which is con- 
nected to a control unit. The storage container is arranged between the two 
pressure measurement devices. Using the control unit, the difference be- 
tween the two measured pressures is detected. In case of a change of the 
pressure difference, a quantity of the medium will either be supplied to the 
system from the storage container or be removed from the system. Since 
the system described in US-6, 530,237 is provided with a respective pres- 
sure measurement device both in the medium supply conduit and in the 
medium return conduit and requires that two measured pressures be com- 
pared to each other, this prior art system is relatively expensive and com- 
plex. 

Summary 

It is an object of the invention to provide a vacuum device in which the 
pressure difference at the cryopumps provided in the vacuum device can be 
kept constant in a simple manner. A further object of the invention resides 
in the provision of a simple and inexpensive control method for the vacuum 
device. 

The present vacuum device, comprising a plurality of refrigeration devices 
connected in parallel, is according to the invention provided with only one 
pressure measurement device in the medium supply conduit via which the 
refrigerating medium, preferably helium, is supplied to the refrigeration de- 
vices. Thus, no pressure measurement device is provided in the medium 
return conduit. Accordingly, no comparison will have to be performed be- 
tween two measurement means. Of course, the vacuum device can com- 
prise further pressure measurement means, e.g. for measuring the pressure 
in the storage container. According to the invention, however, only a sole 
pressure measurement device is provided in the medium supply conduit for 



maintaining the pressure difference in the refrigeration devices at a sub- 
stantially constant level. In the present context, the term "constant" is to be 
understood in the sense of a pressure difference varying by no more than 
25 %, particularly less than 20 %. 

According to an alternative embodiment, a pressure measurement device is 
provided only the medium return conduit. This embodiment does not com- 
prise a pressure measurement device in the medium supply conduit. 

By the inventive provision of only one pressure measurement device, the 
costs for production and installation of a second pressure measurement de- 
vice are avoided. In this manner, also the costs for maintenance and re- 
newal are advantageously reduced. 

The refrigeration devices are particularly provided as cryopumps or refrig- 
eration heads. The invention will be described in greater detail hereunder 
with reference to cryopumps; it is understood, however, that these can be 
replaced by refrigeration heads. 

According to the invention, a preferably constant medium flow is generated 
by the one compressor device or, if provided, by a plurality of compressor 
devices arranged in parallel to each other. As a result, pressure is built up in 
the medium supply conduit. As soon as this pressure exceeds a threshold 
value, particularly a predetermined maximum threshold value, a supply 
valve arranged in the connection conduit between the medium supply con- 
duits and the storage container will be opened, thus causing an inflow of 
medium into the storage container. If the pressure measured by the pres- 
sure measurement device falls below a threshold value, particularly a pre- 
determined minimum threshold value, the valve will be closed again to pre- 
vent an excess flow of gas into the storage container and a resultant too 
small pressure difference between the supply and return conduits. 



Since also the medium return conduit is connected to the storage container, 
a suitable pressure difference may cause medium to flow from the storage 
container into the medium return conduit. In this regard, it is possible to 
provide the connection conduit between the storage container and the re- 
frigeration devices with a valve adapted to be switched in a corresponding 
manner by a control unit. Thus, it is made possible, in case of a change of 
the pressure difference prevailing at the cryopumps, to correct this differ- 
ence by opening the supply valve or by opening the return valve. 

In a particularly preferred embodiment, the defining of the switching value 
or the switching range, i.e. of the maximum and minimum switching value, 
for the control of the supply and/or return valve is performed in dependence 
on a refrigeration generator characteristic line. In this process, it is to be 
observed that, due to the constructional design of the cryopump, the pres- 
sure measured on the high-pressure side is an indicator of the respective 
pressure difference. This will depend on the type of the cryopumps and, 
possibly, on further accompanying conditions. 

According to a preferred embodiment, the supply valve, the return valve 
and the pressure measurement device are all connected to the control unit. 

According to a further embodiment, the return valve is replaced by a nozzle 
which preferably has a small orifice. Once a corresponding pressure differ- 
ence exists, medium will flow through this nozzle from the storage container 
into the medium return conduits. The provision of such a nozzle advanta- 
geously obviates the need for a return valve. This allows for a further reduc- 
tion of costs. The nozzle has a diameter of e.g. 0.3 mm, with a high pres- 
sure of about 20 bar and a low pressure of about 5 bar occurring in the sys- 
tem. The pressure in the storage container will be 5 - 20 bar, depending on 
the condition of the vacuum device. 

The present invention further relates to methods for controlling of the above 
described refrigeration devices. 
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In a first method according to the invention, when a maximum threshold 
value measured by the pressure measurement device is exceeded, the sup- 
ply valve is opened so that medium will flow into the storage container. Ac- 
5 cording to the invention, when the pressure falls below a minimum thresh- 
old value, the return valve is opened so that medium will flow from the stor- 
age container into the return conduits. In this manner, a substantially con- 
stant pressure difference can be maintained at the cryopumps(s). 

10 A second method according to the invention serves for operating a vacuum 
device wherein a nozzle is provided instead of the return valve. In this 
method, a corresponding pressure difference between the storage container 
and the return conduit will cause medium to flow into the medium return 
conduit until, due to the change of the pressure difference at the cryo- 

15 pumps, the pressure in the medium supply conduit exceeds the maximum 
threshold value. This is followed by a repetition of the first method step 
wherein, when the maximum threshold value is exceeded, the supply valve 
will be opened to thus cause medium to flow into the storage container. 

20 In both of the above methods, it is possible that the one or plural compres- 
sor devices will deliver the medium constantly. A complex controlling of the 
compressor devices is thus not necessitated. 

25 

Still further advantages of the present invention will be appreciated to those 
of ordinary skill in the art upon reading and understand the following de- 
tailed description. 

30 Brief Description of the Drawings 

The Figure shows a schematic view of a vacuum device. 
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Detailed Description 



The vacuum device comprises a plurality of cryopumps 10 arranged in par- 
allel to each other. These cryopumps 10 are connected to each other via 
branched medium supply conduits 12 so that the individual cryopumps are 
arranged in parallel to each other. The outlets of the one or plural 
cryopumps 10 are joined by entering a common medium return conduit 14. 
In the illustrated embodiment, the medium supply conduit 12 is connected 
to two compressor devices 16 by which the compressed refrigerating me- 
dium, normally helium, is generated to then be guided - in the direction 
marked by the arrows - towards the cryopumps 10. Via the medium return 
conduit 14, the medium expanded in the cryopumps 10 will be returned to 
the compressor devices 16 through conduits 18. In the process, the medium 
can be cleansed, if required, by a cleansing device (not illustrated) after 
having passed through the compressors 16. 

The refrigeration device further comprises a storage container 20. Storage 
container 20 is connected to the medium supply conduit 12 or the medium 
return conduit 14 via connection conduits 22,24. 

In the illustrated embodiment, connection conduit 22 is provided with a 
controllable valve 26, and connection conduit 24 is provided with a nozzle 
28. Further, the medium supply conduit 12 has a pressure measurement 
device 30 arranged therein. 

In the Figure, the flow direction of the medium in the individual conduits 
has been marked by an arrow. 

Further, a control unit 32 is provided which via lines 34,36, graphically rep- 
resented by interrupted lines, is connected to the pressure measurement 
device 30 and the valve 26, respectively. 



During operation of the illustrated vacuum device, a pressure is built up by 
means of the compressors 16, preferably before the cryopump is switched 
on. Thereafter, by switching-on of the cryopump, one or a plurality of re- 
frigeration chambers connected to the refrigeration device via cryopumps 
10 will be refrigerated. For this purpose, the refrigeration medium, i.e. nor- 
mally helium, is pumped from the compressor devices 16 in the direction of 
the arrows through the medium supply conduit 12 to the cryopumps 10. 
Within the cryopumps 10, the medium will expand and then be returned 
again to the compressor devices 16 via the medium return conduit 14 and 
the conduits 18. 

For keeping the pressure difference at the cryopumps as constant as possi- 
ble, the pressure prevailing in the medium supply conduit 12 is monitored 
by the pressure measurement device 30. If the pressure in the medium 
supply conduit 12 exceeds a predetermined maximum threshold value, this 
occurrence will be communicated to control unit 32 or be detected by the 
latter, and a corresponding signal will be emitted to the supply valve 26 via 
line 36. For this purpose, supply valve 26 will be opened, and a part of the 
medium issued from the compressor devices 16 will flow into storage con- 
tainer 20. This will effect a reduction of the pressure in the medium supply 
conduits 12. 

If the pressure between the storage container 20 and the medium return 
conduits 14 reaches a pressure difference, medium will flow through nozzle 
28 into the return conduits 14 and on to the outlets of cryopump 10. In this 
manner, there is performed an automatic control of the pressure difference 
at the cryopumps 10. 

As soon as the pressure in the medium supply conduit 12 drops below a 
predetermined minimum threshold value, valve 26 will be closed again by 
control unit 32. To safeguard a smooth functioning of this controlling proc- 
ess, valve 26 has an orifice of a distinctly larger cross section than nozzle 
28. 
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According to a second embodiment of the vacuum device of the invention, 
nozzle 28 is replaced by a return valve connected to control unit 32. 

The invention has been described with reference to the preferred embodi- 
ments. Modifications and alterations may occur to others upon reading and 
understanding the preceding detailed description. It is intended that the in- 
vention be constructed as including all such modifications and alterations 
insofar as they come within the scope of the appended claims or the equiva- 
lents thereof. 



